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O R I G I N A L  R E S E A R C H
Gregariousness does not vary with geography, developmental 
stage, or group relatedness in feeding redheaded pine sawfly 
larvae























variation	 in	 this	 trait,	we	 characterized	 aggregative	 tendency	within	 a	 single	wide-
spread	 species,	 the	 redheaded	 pine	 sawfly	 (N. lecontei).	 To	 do	 so,	 we	 developed	 a	









ation:	While	N. lecontei	 and	N. maurus	 feeding	 larvae	exhibit	 significant	 aggregative	
tendencies,	 feeding	N. compar	 larvae	 do	 not	 aggregate	 at	 all.	 These	 results	 set	 the	
stage	for	future	work	investigating	the	proximate	and	ultimate	mechanisms	underlying	
developmental	and	interspecific	variation	in	larval	gregariousness	across	Neodiprion.
K E Y W O R D S
behavioral	assay,	behavioral	development,	Diprionidae,	feeding	aggregations,	gregariousness
1  | INTRODUCTION
Aggregations,	 or	 spatial	 groupings	 of	 organisms,	 are	 widespread	 in	
nature	and	occur	across	diverse	taxa	(Krause	&	Ruxton,	2002;	Parrish	
&	 Edelstein-	Keshet,	 1999;	 Prokopy	 &	 Roitberg,	 2001).	While	 some	
aggregations	are	passive,	arising	as	a	consequence	of	features	of	the	
landscape	 that	 lead	 to	 clumped	distributions	 (e.g.,	Carpenter,	 1954;	
Schartel	&	Schauber,	2016),	many	aggregations	stem	from	individuals	
actively	 seeking	out	and	maintaining	contact	with	conspecifics	 (e.g.,	
Costa	 &	 Louque,	 2001;	 Jeanson	 et	al.,	 2005;	 Schmuck,	 1987).	 To	
understand	 these	 aggregative	 behaviors,	 we	 must	 investigate	 both	
their	 proximate	 (developmental,	 physiological,	 and	molecular	mech-



















a	 remarkable	 amount	 of	 inter-	 and	 intraspecific	 variation	 in	 a	wide	











tei;	 Vertacnik,	 Geib,	 &	 Linnen,	 2016),	 a	 linkage	 map	 and	 genome	
assemblies	for	all	20	species	in	the	eastern	North	American	“Lecontei” 
clade	(unpublished	data).	Together,	the	well-	described	natural	history,	
extensive	 variation,	 and	 growing	 set	 of	 genetic	 and	 genomic	 tools	
will	facilitate	investigations	into	the	proximate	and	ultimate	causes	of	
many	different	types	of	traits.
Importantly,	 Neodiprion	 larvae	 exhibit	 intriguing	 developmental	
and	 interspecific	variation	 in	their	 tendency	to	aggregate.	While	 lar-
vae	 of	many	Neodiprion	 species	 have	 been	 categorized	 as	 “gregari-
ous”	 and	 form	conspicuous	 feeding	 aggregations	 in	 the	 field,	 larvae	
of	several	species	that	do	not	form	large	aggregations	are	categorized	
as	 “	solitary”	 or	 “intermediate”	 (Larsson	 et	al.,	 1993).	 Moreover,	 the	
tendency	 to	aggregate	appears	 to	change	over	 the	course	of	devel-
opment.	 For	 example,	 all	Neodiprion	 species	 have	 a	morphologically	












Fletcher,	 2009;	 Hochberg,	 1991;	 Mohamed,	 Coppel,	 &	 Podgwaite,	







1974),	 enhancement	 of	 group	 defense	 (Bertram,	 1978;	 Codella	 &	
Raffa,	1993;	McClure	&	Despland,	2011;	McClure,	Ralph,	&	Despland,	
2011;	 Pulliam	 &	 Caraco,	 1984;	 Tostowaryk,	 1972),	 and	 increased	
foraging	 efficiency/improved	 ability	 to	 overcome	 plant	 defenses	
(Codella	&	Raffa,	1993;	Despland	&	Le	Huu,	2007;	McClure,	Morcos,	
&	Despland,	2013;	Stamp	&	Bowers,	1990;	Tsubaki	&	Shiotsu,	1982;	
Young	&	Moffett,	1979).	 If	there	 is	heritable	variation	 in	gregarious-







To	date,	most	descriptions	of	 larval	gregariousness	 in	Neodiprion 
have	been	qualitative,	 assigning	 species	 to	 different	 behavioral	 cat-
egories	 (i.e.,	 “gregarious,”	 “intermediate,”	 and	 “solitary”)	 on	 the	basis	












Additionally,	 because	 qualitative	 categories	 may	 miss	 ecologically	








well	 described	 in	 the	 literature	 (Benjamin,	 1955;	 Codella	 &	 Raffa,	
1993,	 1995a,b;	 Costa	 &	 Louque,	 2001;	 Flowers	 &	 Costa,	 2003;	
Wilson,	Wilkinson,	&	Averill,	1992).	Neodiprion lecontei	 is	widely	dis-
tributed	 in	eastern	North	America,	where	 it	occurs	on	multiple	pine	
species	 (Linnen	 &	 Farrell,	 2010;	Wilson	 et	al.,	 1992).	 After	 mating,	
adult	 females	 use	 their	 saw-	like	 ovipositors	 to	 embed	 their	 eggs	
into	the	host	plant	needles.	Usually,	an	individual	female	will	 lay	her	
entire	complement	of	~100–150	eggs	in	adjacent	needles	in	a	single	
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branch	terminus	 (Benjamin,	1955;	Wilson	et	al.,	1992).	Upon	hatch-
ing,	larvae	form	aggregations	and	feed	in	groups	until	they	molt	into	
the	 final,	 nonfeeding	 instar	 (Figure	1).	When	 a	 branch	 is	 defoliated,	
larvae	migrate	in	small	groups	to	a	new	feeding	site,	where	they	reco-













quantitative	 assay.	 First,	we	 asked	 how	 larval	 aggregative	 	tendency	
changes	over	the	course	of	the	larval	feeding	period.	In	diprionid	saw-






















gating	outweigh	 its	costs;	 individual	 larvae	are	unable	 to	distinguish	
between	kin	and	nonkin;	or	the	costs	of	kin-	based	discrimination	are	
too	high.
Finally,	 after	 exploring	 how	N. lecontei	 behavior	 changes	with	




larval	behavior	 in	 the	genus.	Together,	our	 results	 lay	 the	ground-
work	for	future	studies,	while	also	providing	insights	into	both	the	
proximate	 and	 ultimate	mechanisms	 underlying	 larval	 aggregative	
tendency.
2  | MATERIALS AND METHODS
2.1 | Collection and rearing information
Sawfly	 larvae	 used	 in	 our	 experiments	 were	 either	 wild-	caught	 or	
derived	from	colonies	that	we	reared	for	no	more	than	two	generations	
in	the	 laboratory	using	our	standard	 laboratory	protocols	 (described	




and	 fed	 them	 clipped	 pine	 foliage	 from	 their	 natal	 host	 species	 as	
























vae,	 families	derived	 from	mated	 females	 likely	contained	a	mixture	
of	both	sexes.	We	provide	more	detailed	 information	on	 the	source	
and	rearing	history	of	larvae	for	each	experiment	below	and	in	Table	1.






























dency.	We	 therefore	used	 two	approaches	 to	minimize	 the	 impact	
of	 larval	mobility.	First,	we	visually	examined	each	video	 to	ensure	





collection Nearest City, State Host plant Latitude, Longitude
RB261 Neodiprion lecontei 7/17/2013 Grayling,	MI Pinus banksiana 44.65689,	−84.6958
LL031 N. lecontei 8/14/2013 Piscataway,	NJ P. sylvestris 40.54955,	−74.4308
RB244 N. lecontei 7/16/2013 Bitely,	MI P. banksiana 43.79322,	−85.74
RB316 N. lecontei 8/7/2013 Orange	Springs,	FL P. palustris 29.50772,	−81.8598
RB335 N. lecontei 8/22/2013 Lexington,	KY P. elliottii 38.014,	−84.504
RB380,	RB381,	RB383,	
RB384
N. lecontei 7/15/2015 Bitely,	MI P. banksiana 43.7675,	−85.7403
RB397,	RB398,	RB399,	
RB400
N. lecontei 7/17/2015 Necedah,	WI P. banksiana 44.15611,	−90.1322
NS037 N. maurus 6/17/2014 Rhinelander,	WI P. banksiana 45.66427,	−89.4919
NS043 N. lecontei 7/2/2014 Spooner,	WI P. banksiana 45.82233,	−91.8884
CN001	(NS174) N. compar 8/15/2015 Hawk	Junction,	ON P. banksiana 48.04558,	−84.5494
CN001	(NS182) N. compar 8/17/2015 Gurney,	WI P. banksiana 46.50895,	−90.5027
CN002	(NS175) N. compar 8/15/2015 Hawk	Junction,	ON P. banksiana 48.02968,	−84.6513
CN002	(NS184) N. compar 8/17/2015 Glidden,	WI P. banksiana 46.11489,	−90.5511
CN003	(NS176) N. compar 8/15/2015 White	River,	ON P. banksiana 48.54371,	−85.1911
CN003	(NS178) N. compar 8/16/2015 Mokomon,	ON P. banksiana 48.41605,	−89.6412
CN003	(NS168) N. compar 8/13/2015 Petawawa,	ON P. banksiana 45.92631,	−77.3254
CN004	(NS169) N. compar 8/13/2015 Petawawa,	ON P. banksiana 45.93154,	−77.3333
CN004	(NS170) N. compar 8/14/2015 Onaping,	ON P. banksiana 46.62311,	−81.4552
CN004	(NS172) N. compar 8/14/2015 Gogama,	ON P. banksiana 47.46476,	−81.8467
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experimental	 spacing	 rather	 than	 larval	behavior	and	because	han-
dled	larvae	sometimes	become	agitated	(Costa	&	Louque,	2001),	we	























and	 species.	 In	 the	 discussion,	we	 consider	 possible	 limitations	 and	
extensions	of	our	assay.
2.3 | Generating a model of random dispersal
To	generate	the	expected	distribution	of	pairwise	distances	under	the	
null	hypothesis	that	larvae	distribute	themselves	randomly	in	the	petri	









2.4 | Effect of developmental stage on 
aggregative tendency
To	determine	the	impact	of	developmental	stage	on	the	aggregative	
tendency	 of	N. lecontei	 larvae	 and	 to	 assess	 optimal	 group	 size	 for	
our	assays,	we	recorded	videos	for	all	possible	combinations	of	three	
developmental	 stages	 (early-	feeding	 instars,	 late-	feeding	 instars,	
and	 nonfeeding	 instars)	 and	 three	 group	 sizes	 (2,	 5,	 and	 8	 larvae).	
Neodiprion lecontei	males	have	 five	 feeding	 instars,	while	N. lecontei 








considered	 fourth	 through	 sixth	 instars	 to	 be	 “late-	feeding	 instars.”	
These	 larvae	 had	 fully	 developed	 color	 patterns	 and	 head	 capsules	
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2.5 | Effect of relatedness on aggregative tendency
To	determine	whether	 the	relatedness	of	 larvae	 impacts	 their	 ten-
dency	 to	 aggregate,	 we	 videotaped	 larval	 behavior	 under	 three	
treatments:	 (1)	all	 larvae	derived	from	the	same	mother	 (brothers),	
(2)	an	equal	mix	of	 larvae	from	two	mothers	 from	the	same	popu-
lation	 (nonsiblings,	but	possibly	 related),	 (3)	an	equal	mix	of	 larvae	






vae,	 for	 a	 total	 of	 46	 videos	 (N	=	17,	 14,	 and	 15	 videos	 for	 same	















analysis	 are	 represented	 in	our	 sample	 (Bagley	et	al.,	 in	press).	 To	
obtain	 larvae	 for	 video	 analyses,	we	 reared	 the	 haploid	male	 off-
spring	from	15	to	18	virgin	females	per	population.	For	these	assays,	
we	 used	 eight	 late-	feeding	 instars	 per	 video.	We	 log-	transformed	
(natural	 log)	 pairwise	 distances	 and	 used	 ANOVAs	 to	 determine	
whether	aggregative	tendency	differed	among:	populations,	genetic	
clusters,	or	by	latitude.	Populations,	both	separately	and	combined	
by	genetic	cluster,	were	also	compared	 to	 the	 random,	null	model	
using	Tukey	HSD.
2.7 | Interspecific variation in aggregative tendency
To	determine	how	aggregative	tendency	of	N. lecontei	larvae	com-





all	 of	 which	 were	 wild-	caught.	 Our	 sample	 sizes	 for	 each	 spe-
cies	were	 as	 follows:	N	=	7	 for	N. maurus	 (from	NS037;	 Table	1);	
N	=	8	 for	 N. lecontei	 (from	 NS043;	 Table	1);	 N	=	4	 for	 N. compar 
(from	multiple	colonies,	Table	1).	We	note	that	because	N. compar 
is	 rarely	 found	 in	 groups	 in	 nature,	we	 had	 to	 combine	 individu-
als	from	multiple	sites	and	our	sample	sizes	were	limited	compared	







3.1 | Effect of developmental stage and number of 
larvae on aggregative tendency
In	total,	we	recorded	45	videos	of	various	combinations	of	larval	group	




When	 we	 condensed	 each	 video	 down	 to	 a	 single	 log-	
transformed	 (natural	 log)	 mean	 pairwise	 distance	 (for	 postaccli-
mation	 period	 only),	 we	 found	 that	 developmental	 stage	 had	 a	
pronounced	 impact	 on	 aggregative	 tendency,	 but	 that	 its	 effects	
were	 partially	 dependent	 on	 the	 number	 of	 larvae	 in	 the	 assay	
(Figure	3b,d,f).	 We	 found	 that	 developmental	 stage	 significantly	
impacted	 aggregative	 tendency	 in	 the	 5-	 and	 8-	larvae	 videos	
(5-	larvae	 videos:	 ANOVA,	 F2,12	=	8.4885,	 p	=	.0050;	 8-	larvae	 vid-
eos:	ANOVA,	F2,12	=	11.9256,	p	=	.0014).	In	both	cases,	this	differ-
ence	was	 attributable	 to	 a	 decrease	 in	 aggregative	 tendency	 (i.e.,	
an	increase	in	average	pairwise	distance)	that	occurred	in	the	final,	
nonfeeding	 instar	 (5-	larvae	 videos	 Tukey	 HSD:	 early-	feeding	 vs.	
late-	feeding,	 p	=	.6979;	 early-	feeding	 vs.	 nonfeeding,	 p = .0237; 
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late-	feeding	vs.	nonfeeding,	p	=	.0055;	8-	larvae	videos	Tukey	HSD:	




p	=	.0653).	 We	 note,	 however,	 that	 the	 overall	 patterns	 are	 the	
same	 (nonfeeding	 instar	 is	 less	 gregarious	 than	 feeding	 instars)	




We	 also	 compared	 our	 observed	 pairwise	 distances	 to	 those	
expected	 under	 the	 null	 hypothesis	 that	 larvae	 distribute	 them-
selves	 randomly	 throughout	 the	 arena.	 For	 all	 group	 sizes,	 the	
early-	feeding	 and	 late-	feeding	 instars	 had	 significantly	 smaller	
pairwise	differences	than	the	random	model	(2-	larvae	videos	Tukey	
HSD:	early-	feeding	vs.	 random	p	<	.0001;	 late-	feeding	vs.	 random	
p	<	.0001;	 5-	larvae	 videos	 Tukey	 HSD:	 early-	feeding	 vs.	 random	
p	<	.0001;	late-	feeding	vs.	random	p	<	.0001;	8-	larvae	videos	Tukey	
HSD:	early-	feeding	vs.	 random	p	<	.0001;	 late-	feeding	vs.	 random	
p	<	.0001).	Together,	these	results	confirm	that	N. lecontei	 feeding	
instars	 are	 gregarious.	 Additionally,	 for	 the	 2-	 and	 8-	larvae	 vid-






ioral	 tendency	 to	 aggregate,	 nonfeeding	 instars	 either	 ignore	 or	
actively	avoid	one	another.
3.2 | Effect of relatedness on aggregative tendency
In	 our	 experiments,	 relatedness	 had	 no	 detectable	 impact	 on	 the	
aggregative	 tendency	 of	 larvae	 (Figure	4,	 ANOVA,	 F2,43	=	0.3045;	
p	=	.7391).	 Moreover,	 all	 three	 treatments	 were	 significantly	 more	
aggregative	 than	 the	 random	 model	 (Tukey	 HSD:	 p <	.0001	 for	 all	
comparisons).
3.3 | Intraspecific variation in aggregative tendency
Examination	of	aggregative	tendency	of	late-	feeding	instars	sampled	
from	 diverse	 N. lecontei	 populations	 revealed	 substantial	 within-	




bership	 in	 one	 of	 three	 genetic	 clusters	 (ANOVA,	 F2,116	=	0.1014;	
p	=	.9037),	nor	did	we	detect	any	relationship	between	population	lat-
itude	and	aggregative	tendency	(ANOVA,	F1,117	=	0.1644;	p	=	.6859).	
Finally,	 each	 of	 the	 five	 populations	 and	 three	 genetic	 clusters	 dif-
fered	significantly	from	the	random	model	(Tukey	HSD:	p <	.0001	for	
all	comparisons).
3.4 | Interspecific variation in aggregative tendency
The	 three	 Neodiprion	 species	 we	 assayed	 differed	 significantly	 in	
their	 aggregative	 tendency	 (ANOVA,	F2,16	=	10.6675;	p	=	.0011).	As	
expected,	 the	 two	 species	 that	 have	 previously	 been	 described	 as	
“gregarious”	 (N. lecontei	and	N. maurus)	had	significantly	 lower	aver-
age	pairwise	distances	than	the	“solitary”	species,	N. compar	(Figure	6,	
Tukey	HSD:	N. lecontei	vs.	N. compar,	p	=	.0085;	N. maurus	vs.	N. com-
par,	p	=	.0009).	In	contrast,	the	two	gregarious	species	did	not	differ	
significantly	from	one	another	(Tukey	HSD,	N. lecontei	vs.	N. maurus, 
p	=	.3445).	Consistent	with	 these	 results,	we	 found	 that	 the	 aggre-
gative	 tendency	of	N. compar	 larvae	was	 indistinguishable	 from	 the	
random	model	(Tukey	HSD,	p	=	.7534),	while	N. lecontei	and	N. mau-
rus	both	exhibited	a	significant	aggregative	 tendency	 (N. lecontei	vs.	
random	 Tukey	 HSD:	 p < .0001; N. maurus	 vs.	 random	 Tukey	 HSD:	
p < .0001).
4  | DISCUSSION
Pine	 sawflies	 are	 a	 promising	 group	 of	 organisms	 for	 investigating	
both	the	proximate	and	ultimate	causes	of	phenotypic	variation.	To	
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N. lecontei.	First,	we	found	that	while	early-	and	 late-	feeding	 instars	
do	not	differ	appreciatively	 in	their	aggregative	tendency,	there	 is	a	












criminate	 between	 gregarious	 and	 solitary	 larval	 phenotypes,	 there	
was	also	a	great	deal	of	variation	among	groups	sampled	from	a	par-
ticular	developmental	stage	and	population	 (Figures	3	and	5).	While	
this	 apparent	 “noise”	may	 reflect	 true	 variation	 in	 aggregative	 ten-
dency	at	the	level	of	the	individual	or	the	group,	it	may	also	stem	from	
developmental	or	sex-	based	differences	in	behavior	that	we	did	not	
properly	account	 for	 in	our	assays.	First,	 in	grouping	 the	5–6	 feed-
ing	 instars	 into	 two	 developmental	 stages	 (early-	feeding	 and	 late-	
feeding),	we	may	have	lumped	together	behaviorally	distinct	instars.	
Second,	behavioral	differences	in	aggregative	tendency	between	the	





ferences	 in	 aggregative	 tendency	 as	 they	prepare	 to	molt	 or	 based	










note	 that	 previous	work	 on	N. lecontei	 larval	 activity	 patterns	 indi-
cates	that	they	lack	a	clear	circadian	pattern	to	their	group	foraging	
dynamics—instead,	 they	 feed	 continuously	 throughout	 the	 day	 and	
































tei	 larvae	have	been	observed	 to	migrate	en masse	 up	 to	19	feet	 in	
search	of	a	new	host	plant	(Benjamin,	1955).	Third,	our	experimental	
groups	were	much	smaller	 than	 the	N. lecontei	 groups	 that	are	 typi-
cally	encountered	in	the	field	(Benjamin,	1955;	Costa	&	Louque,	2001;	






tedly	 artificial	 assay	 conditions,	we	 can	 reliably	distinguish	between	
aggregative	and	nonaggregative	larvae	(Figures	3	and	6).










4.2 | Effects of developmental stage and relatedness 
on larval aggregative tendency
Despite	the	limitations	of	our	assay,	we	found	clear	evidence	that,	
following	 the	 final	 molt,	 larvae	 shift	 from	 a	 “gregarious”	 feeding	
mode	to	a	“solitary,”	nonfeeding	mode.	While	these	findings	confirm	





&	 Truman,	 1984;	 Jones,	 Harwood,	 Bowen,	 &	 Griffiths,	 1992;	 Li	
et	al.,	2016;	Nijhout	&	Williams,	1974;	Riemann,	Beregovoy,	&	Ruud,	
1986;	 Sedlacek,	Weston,	&	Barney,	 1996).	 There	 are	 two	distinct	
mechanisms	by	which	this	developmental	shift	could	occur:	(1)	final	
instar	larvae	may	simply	lose	their	attraction	to	conspecifics;	or	(2)	
final	 instar	 larvae	may	 switch	 their	 response	 to	 conspecifics	 from	
attraction	 to	 repulsion.	 Intriguingly,	 our	 5-	larvae	 assays	 indicated	
that	 final	 instar	 larvae	maintain	 greater	 interlarvae	 distances	 than	
expected	 by	 chance,	 suggesting	 that	 they	may	 be	 actively	 avoid-
ing	other	 larvae.	Although	the	8-	larvae	final	 instar	data	trended	 in	
the	 same	 direction,	 the	 departure	 from	 random	 expectations	was	




Our	data	also	 indicate	that,	 in	contrast	 to	 late-	feeding	 instars	of	
some	Neodiprion	species	(Anstey	et	al.,	2002;	Furniss	&	Dowden,	1941;	
Hetrick,	1956;	Hopping	&	Leech,	1936;	Rose	&	Lindquist,	1994),	late-	
feeding	 instars	of	N. lecontei	do	not	exhibit	 a	pronounced	 reduction	
or	loss	of	gregariousness.	These	results	imply	that	larval	aggregations	








cies—appears	 to	 be	 relatively	 common	 in	 nature,	 especially	 at	 high	
population	densities	(Codella	&	Raffa,	1993,	1995a;	Costa	&	Louque,	







sufficient	 direct	 benefits	 from	 aggregating	 that	 kin	 selection	 need	
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For	 example,	 in	 small	 colonies,	 N. lecontei	 larvae	 continually	 cycle	
between	exposed	and	protected	 feeding	positions	 (Codella	&	Raffa,	
1993).	Also,	colony	defense	is	enhanced	by	simultaneous	regurgitation	














&	 Pagel,	 1991;	 Pulliam	 &	 Caraco,	 1984;	 Reeve	 &	 Sherman,	 1993).	
For	 example,	 latitudinal	 variation	 in	 color	 and	diapause	 characteris-
tics—both	of	which	are	 important	adaptations	to	different	tempera-




moregulation	 (Codella	 &	 Raffa,	 1993;	 Fletcher,	 2009;	 Joos	 et	al.,	
1988;	Klok	&	Chown,	 1999;	 Seymour,	 1974).	 If	 aggregations	 serve	
a	thermoregulatory	function	in	N. lecontei,	there	may	be	clinal	varia-
tion	in	aggregative	tendency.	Although	we	have	surveyed	only	a	small	
























bright	yellow	body	with	several	 rows	of	spots),	N. compar	 larvae	are	
cryptically	colored	(green	body	covered	by	longitudinal	green	stripes).	
One	 possible	 explanation	 for	 this	 association	 between	 gregarious-











Although	much	work	 remains,	 our	 results	 have	 several	 implications	
for	the	proximate	and	ultimate	mechanisms	underlying	larval	aggrega-
tions	 in	Neodiprion.	 From	 a	 proximate	 perspective,	we	 have	 shown	
that	 larval	grouping	occurs	even	 in	the	absence	of	host	plant	mate-
rial,	highlighting	the	importance	of	cues	from	the	larvae	themselves.	
Nevertheless,	 in	 terms	 of	 the	 maintenance	 of	 these	 aggregations,	
there	does	not	appear	to	be	any	sort	of	kin	discrimination	in	the	feed-
ing	 larvae.	We	also	describe	how	gregarious	behavior	changes	over	
the	 course	of	N. lecontei	 larval	 development.	 From	an	ultimate	per-
spective,	 our	 observation	 that	 larvae	 remain	 gregarious	 throughout	
the	feeding	period	and	that	larvae	do	not	discriminate	against	nonkin	
suggests	 that,	 in	N. lecontei,	 the	benefits	of	aggregating	 to	 the	 indi-
vidual	consistently	outweigh	the	costs.	Moreover,	as	we	have	dem-
onstrated	here,	 this	assay	can	be	applied	to	any	Neodiprion	 species.	
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